Background: The prevalence of chronic diseases is increasing in West Africa, the Caribbean and its migrants to Britain. This trend may be due to the transition in the habitual diet, with increasing (saturated) fat and decreasing fruit and vegetable intakes, both within and between countries. Objective: We have tested this hypothesis by comparing habitual diet in four Africanorigin populations with a similar genetic background at different stages in this transition. Design: The study populations included subjects from rural Cameroon n 743Y urban Cameroon n 1042Y Jamaica n 857 and African±Caribbeans in Manchester, UK n 243Y all aged 25±74 years. Habitual diet was assessed by a food-frequency questionnaire, specifically developed for each country separately. Results: Total energy intake was greatest in rural Cameroon and lowest in Manchester for all age/sex groups. A tendency towards the same pattern was seen for carbohydrates, protein and total fat intake. Saturated and polyunsaturated fat intake and alcohol intake were highest in rural Cameroon, and lowest in Jamaica, with the intakes in the UK lower than those in urban Cameroon. The percentage of energy from total fat was higher in rural and urban Cameroon than in Jamaica and the UK for all age/sex groups. The opposite was seen for percentage of energy from carbohydrate intake, the intake being highest in Jamaica and lowest in rural Cameroon. The percentage of energy from protein increased gradually from rural Cameroon to the UK. Conclusions: These results do not support our hypothesis that carbohydrate intake increased, while (saturated) fat intake decreased, from rural Cameroon to the UK.
Lifestyle, and habitual diet in particular, is thought to have major influences on the risk of chronic disease, but most studies have been carried out in developed societies 1 . Cardiovascular disease and diabetes mellitus, diseases related to nutrition, are rapidly emerging in developing countries in West Africa 2 , and have already done so in the Caribbean 3±5 and especially in African±Caribbean migrants to Britain 6, 7 and the United States 8 . These populations share some genetic background, yet little is known about nutrient intakes, which may contribute to the geographic shift in cardiovascular risk in these people.
Atlantic slave trading led to the forced transport of over 12 million people from West Africa to the Caribbean and USA until the early nineteenth century. Details are scanty about dietary intakes of slaves and how intakes diversified in the different destinations over time 9±12 . In the Englishspeaking Caribbean, cultivation of root crop staples persisted, including different types of yams and cassava, while`Irish' potatoes and rice were introduced later 10 . Local knowledge, market availability of foods and food manuals testify to the wide variety of fruit and vegetables available in the Caribbean and Cameroon. The migration of many Caribbean people to Britain and North America led to other changes in dietary habits with the availability of Western foods 11, 12 . The main migration occurred during transition from colonial rule 30±50 years ago and the current population of older first-generation migrants and their descendants in Britain and the United States now exceeds the total population of adults in the Caribbean islands of origin.
The link between nutrient intakes and chronic diseases requires measurement of habitual diet, but few studies have measured nutritional intake in these African populations in any detail. We have developed specific food-frequency questionnaires for our international study on nutritional influences on the emergence of glucose intolerance and high blood pressure in four African-origin populations from Cameroon, Jamaica and the UK 13 . These questionnaires have now been applied to representative samples of subjects from these populations, providing data on the habitual dietary intake of macronutrients.
We hypothesised that a gradient exists in nutrient intakes, from rural to urban Cameroon, to Jamaica and to the UK, the diet carrying more cardiovascular risk (relatively more (saturated) fat and less carbohydrates) in the UK than in Jamaica and urban Cameroon, where nutritional`risk' would again be higher than in rural Cameroon.
Methods

Subjects
Details of sampling methods by site have been published previously 2 .
Cameroon
Cameroonian men and women of African origin, aged 24±74 years, were studied in an urban area, the Cite Â Verte Housing District in the capital Yaounde Â, and in a rural area in Evodoula, Cameroon. The study was approved by the Ministry of Health's National Ethical Committee. Three of the seven villages of the rural area of Evoduoula, Minwoho, Nkolassa and Nloudou, situated about 60 km from Yaounde Â, were randomly selected as the rural sites. The occupation of the people of Evodoula is mainly farming and hunting. Four-hundred-and-thirtysix women and 307 men were included in the rural sample of the study, which is a response rate of 98%.
The urban subjects, recruited from a housing estate, were mostly middle-grade civil servants or middle-income earners in the private sector. The response rate was 95% and 584 women and 458 men were included in the urban sample.
Jamaica
The area around the old capital of Jamaica, Spanish Town, 15 miles from Kingston, the current capital, was identified to be representative of the island's rural as well as urban population by the Statistical Institute of Jamaica. The probability-proportional-to-size method was used to select enumeration districts of 100±400 households. House to house visits in selected districts recruited 512 women and 345 men, 25±74 years old, with a response rate of 60%. The study was approved by the Ethics Committee of the University of the West Indies and informed consent was obtained from every participant.
UK
Random samples stratified by age decade and sex were taken from population registers in Manchester held in health centres serving the inner city wards where most African±Caribbeans live 14 . Initially any individual was eligible but later, as ethnicity is not identified on the registers and to increase numbers sampled, lists were scanned for names more likely to be African±Caribbean; all these people were invited and a random sub-sample of 1:3 others. Ethical permission was granted by the Central Manchester Health District Ethical Committee. In total 147 women and 96 men were included in the Manchester sample, a response rate of 80%.
In Jamaica and the UK, African±Caribbean ethnicity was defined by at least three of four grandparents being of African descend and Caribbean origin. People of direct African origin or mixed descend were not included.
Dietary assessment
For each country a food-frequency questionnaire was developed to assess habitual nutrient intake during the previous 12 months and included those foods contributing at least 90% of total intakes of energy, fat, carbohydrate and protein 13 . They were designed to be interviewer-administered and interviewers used local cooking utensils, specially prepared wooden food models and cutlery to help subjects to describe their own portion size. For Cameroon the questionnaire contained 76 different food items, and variations in consumption of foods between the wet and dry seasons was ascertained. The Jamaican questionnaire included 69 foods and drinks. The UK questionnaire included 108 Caribbean as well as European foods. To calculate the nutrient composition of the habitual diet, several food tables 15±17 and Microdiet 18 were used. Since these tables did not cover all the typical dishes eaten in Cameroon or by the African±Caribbean people, 45 dishes were prepared by local people in rural and urban Cameroon and 15 dishes by subjects from Manchester. All ingredients were weighed by trained field-workers, and the nutrient composition of the dishes was calculated. The UK questionnaire was calibrated by comparison with a 24-hour recall and four-day weighed intake in a sub-sample of the total respondents. Spearman rank correlation coefficients ranged from 0.38 for protein to 0.62 for carbohydrate intake when compared with the four-day weighed intake, and from 0.38 for fat intake to 0.50 for energy intake when compared with the 24-hour recall. When the food-frequency questionnaire was compared with the four-day weighed record, 39% of subjects fell in identical quartiles, a further 44% were in adjacent quartiles and none were grossly misclassified. In Jamaica the reproducibility was tested in a sub-sample of 118 subjects who repeated the food-frequency questionnaire, and Pearson's correlation coefficients between protein, fat and carbohydrate intake from the first and second measurements were 0.62, 0.67 and 0.69, respectively (unpublished data; Jackson M, thesis, 1998).
Data analyses
Three age classes were used, 24±44 years (young), 45±59 years (middle-aged) and $60 years (old), since food intake changes with age. Mean intakes of total energy and macronutrients were calculated by site and by age group, for men and women separately. The percentages of energy from macronutrients and saturated fat were calculated.
Results
The mean age was similar in rural Cameroon, Jamaica and the UK, but it was lower in urban Cameroon, for women as well as for men (Tables 1 and 2 ). The distribution of the level of education differed between the four sites, with the lowest level in rural and the highest in urban Cameroon. Caribbean migrant women had been in Britain a mean of 29 years (95% confidence interval (CI): 28, 30), while the men had been resident slightly longer, 31 years (95% CI: 29, 32). In the UK group, some 73% were of Jamaican origin and the remainder (in descending frequency) came from Barbados, St. Kitts, Montserrat and other eastern Caribbean territories.
In women, total energy intake was highest in rural Cameroon and lowest in the UK for all age groups ( Table  3 ). The same pattern was seen for carbohydrates, protein and total fat intake. Saturated and polyunsaturated fat intake was also highest in rural Cameroon, but lowest in Jamaica, with the intakes in the UK being lower than those in urban Cameroon. The same trend was seen for alcohol intake, with very similar intakes in the UK and urban Cameroon. In men the trends in total energy and total fat intake paralleled those in women for the first two age classes (24±44 years and 45±59 years) ( Table 4 ). In the age class over 60 years, intakes were highest in urban Cameroon, but this group comprised only nine men. The trends in intake of carbohydrates and protein differed somewhat from those seen in women. The intakes in Jamaica were higher than the intakes in urban Cameroon in the first age group, while they were highest in urban Cameroon in the second and third age groups. In men the intake of saturated and polyunsaturated fat was again lowest in Jamaica. Alcohol intake declined from rural Cameroon to the UK.
The percentages of energy from the macronutrients and saturated fat were calculated to compare macronutrient intake between sites, relative to total energy intake. The percentage of energy from total fat intake was higher in rural and urban Cameroon than in Jamaica and the UK for all age groups, in men as well as in women (Fig. 1) . The lowest proportion of fat intake was always seen in Jamaica, while the highest was sometimes seen in rural and sometimes in urban Cameroon, depending on age group and gender. The opposite was seen for the percentage of energy from carbohydrate intake, with the highest intake in Jamaica and the lowest in rural Cameroon (Fig. 2) . The percentage of energy from protein intake increased gradually from rural Cameroon to the UK (Fig. 3) . This trend was seen for men and women in every age class. The percentage of energy from saturated fat intake was highest in urban Cameroon and lowest in Jamaica, with intermediate values in the UK and rural Cameroon (Fig.  4) . In men aged 24±44 years there was no difference in saturated fat intake between rural and urban Cameroon.
Discussion
Absolute intakes of total energy and macronutrients were highest in rural Cameroon, and lowest in the UK, and the intakes in urban Cameroon were higher than in Jamaica. Intakes of total and saturated fat relative to the total energy intake were highest in rural and urban Cameroon, but lowest in Jamaica, while the percentage of energy from carbohydrates showed the opposite trend. The high (saturated) fat intake in Cameroon may be due to the frequent use of palm oil. Many of the traditional sauces and dishes contain large amounts of palm oil, the basic fat used in the Cameroonian kitchen. On the other hand we may have overestimated the amount of palm oil since calculation of nutrient composition from the recipes is difficult. Often whole palm nuts are used in preparation, but the fibrous pulp is partially discarded through cooking and the precise quantity of oil that has been extracted is unknown. A limitation of this descriptive study is the limited number of subjects in the older age group in urban Cameroon. Although mean intakes were given by specific age group, the distribution of the subjects across these groups was different between urban Cameroon and the other sites. This has led to very few men in the highest age group in urban Cameroon n 9X These nine men are unlikely to be representative of men over 60 years of age living in urban Cameroon and therefore the data presented here for this particular age group should be interpreted with caution.
In this study, a food-frequency questionnaire was chosen to assess the habitual dietary intake, since a tool was needed which was easy to administer by non-nutritionists in each site in a large group of subjects. Food-frequency questionnaires are designed to measure long-term dietary intake and may therefore give a better approximation of the usual intake of a population than other methods 19, 20 . Furthermore, they have been shown to categorise individual nutrient intakes adequately in epidemiological surveys 21 . Finally, weighed intake recordings are inappropriate in populations where people are not familiar with using scales during cooking. On these grounds, a food-frequency questionnaire seemed the best method to compare habitual diet across the four sites reported here.
Nutrient intakes of African-origin populations have not been studied in detail previously in any of the sites in this study. Our results did not confirm our hypothesis that a gradient exists across the four sites, with the lowest energy percentage of (saturated) fat and the highest energy percentage of carbohydrates in rural Cameroon and the opposite in the UK. In fact, the fat intake was highest in rural Cameroon, which may seem in conflict with the low current cardiovascular risk in that region. Although we did not have data on monounsaturated fat intake, it will probably make up most of the remaining fat, which is in fact the majority of the fat intake. Monounsaturated fats, which are an important component of the Mediterranean diet, have been recommended to replace saturated fat for cardiovascular disease prevention 22 . In our study, although not measured directly, monounsaturated fat intake seems to be highest in rural Cameroon, and lowest in Manchester. The high intake of monounsaturated fat in rural Cameroon may counteract the high saturated fat intake at this site. Another explanation of our observations may be the difference in physical activity across sites. Most of the people living in rural Cameroon were farmers and were therefore engaged in strenuous physical activity, a cardioprotective factor not measured here 23, 24 . Obviously this argument does not hold for the high energy and fat intake in urban Cameroon, although urban people often work periodically at rural farms and their physical activity may therefore be higher in general than people from Jamaica. Physical activity may thus explain the relation between nutrient intake and site, but the differences between Jamaica and the UK are in the expected direction, with à healthier' diet in Jamaica than in the UK.
In conclusion, the results of our study indicate that energy, and especially fat intake, in rural and urban Cameroon is higher than expected on the basis of the prevalence of chronic diseases, which can probably be explained by their regular strenuous physical activity. These societies, however, are in transition and lifestyle may change in the near future. We should be aware of the fact that if the level of physical activity lowers, without changes in dietary habits, the risk of chronic disease will increase enormously in these societies. Prevention strategies should be focused on energy balance, a crucial factor in weight control. The changes and differences in food habits that we report from these four sites provide a unique opportunity to study the long-term health effects of dietary factors. More data are being collected for this study and further analyses will provide information on the relationship between habitual diet and chronic diseases, in particular hypertension and diabetes.
